Abstract: Cardiovascular diseases remains one of the leading causes of mortality worldwide, and causes more than one millions deaths annually in the United States alone. Patients with chronic kidney disease (CKD) are predisposed to different types of heart rhythm abnormalities including but not limited to atrial fibrillation, atrial flutter, ventricular tachycardia, and ventricular fibrillation. Both cardiovascular diseases and chronic kidney disease (CKD) may cause various variations in the cardiovascular system, autonomic nervous system, and various electrolytes abnormalities that open the door for the occurrence of multiple cardiac arrhythmias. Various pathophysiological mechanisms have been suggested in describing the correlation of cardiac arrhythmias in CKD patients. Despite the substantial progress in the management of chronic kidney disease, cardiovascular complications still highly dominant in CKD patient. Thus, reducing mortality from cardiovascular disease and sudden cardiac death in dialysis is a global health challenge. Management of cardiac arrhythmias includes the use of antiarrhythmic drugs, in addition to the use of catheter ablation and cardiac implantable electronic devices. The present review addresses the correlation between chronic kidney disease and different cardiac arrhythmias, the different pathophysiological mechanisms explaining the high risk of arrhythmias in CKD patients, the diagnostic tools used to identify arrhythmias, and the rule of subcutaneous defibrillators in preventing sudden cardiac death in dialysis patients.
Introduction
The association between chronic kidney disease and cardiovascular disease has been an important topic of discussion in recent years. Cardiovascular diseases remains one of the leading cause of mortality worldwide, and causes more than one millions deaths in the United States alone [1] . Chronic Kidney Disease (CKD) is one of the most common comorbidity, seen in 10% of patients worldwide [2] . The most common causes of CKD are hypertension and diabetes mellitus [3] . The strong correlation between chronic kidney disease and cardiovascular disease, specifically dysrhythmias, has been well documented, with sudden cardiac death being the most common cause of mortality in patients with CKD with 25% of all-cause mortality [4] . Cardiac arrhythmia prevalence in patients with End Stage Renal Disease is known with one in three dialysis patients. Multiple pathophysiological mechanisms have been described in provoking arrhythmias in CKD patients [3] .
We aim to perform a thorough literature review of different types of cardiac arrhythmias in CKD patients.
Definitions
Chronic Kidney disease (CKD) is defined as evidence of kidney damage or glomerular filtration rate (GFR) less than or equal to 60 ml/min/1.73 m 2 [5] .
Atrial fibrillation is an abnormal heart rhythm characterized by irregular quivering of the atria, usually starting as a brief episode of abnormal beating that becomes longer and more constant with time. It is considered a type of supraventricular tachycardia [6, 7] Atrial flutter is a common abnormal heart rhythm that originates in the atrium, characterized by fast, sudden onset (usually) regular heart rhythm and is classified as type of supraventricular tachycardia [8] .
Ventricular tachycardia (VT) is an episode of three or more consecutive ventricular complexes, associated with a heart rate higher than 100 bpm. It is considered nonsustainied VT if it lasts less than 30 seconds and sustained VT if lasts more than 30 seconds. Ventricular tachycardia can be classified further into monomorphic and polymorphic based on the ORS complex pattern [8] .
Ventricular fibrillation (VF) is a type of cardiac arrhythmia that characterized by disorganized electrical activity in the ventricles that makes the heart shaver instead of contract, leading to loss of consciousness and cardiac arrest [9] .
Sudden cardiac arrest (SCA) is a sudden cessation of cardiac activity with hemodynamic collapse, it occurs within one hour from the beginning of the symptoms. In general population, arrhythmia accounts only for 5% to 10% of SCD in non-structural heart disease [10, 11] .
Epidemiology
The relationship between CKD and increased risk for cardiovascular diseases is well established with almost 50% of CKD mortality is due to cardiac disease [12] .
A study was done to assess the risk of cardiovascular disease and risk of death based on the degree of the eGFR. The risk of death was increasing as the eGFR decrease bellow 60... Patients with GFR between 15 to 29 had hazard ratio of 3.2, and rose to 5.9 in patients with GFR below 15 [13] . Another study showed similar results with profound increase in mortality as the eGFR fell below 60 [14] .
Atrial Fibrillation is common in patients with CKD, with nearly 10-20% of patients with CKD having this arrhythmia [3] . A study that was done on CKD patients with ICD devices, showed higher rate of Anti-tachycardia Therapy Pacing (ATP) and Defibrillation in patients with CKD compared to other groups, suggesting higher occurrence of arrhythmias and shock events among CKD patient when compared to other groups [15] .
Pathophysiology
Cardiovascular structural abnormalities are associated with increased risk of cardiac arrhythmias. A study showed that about 74% of CKD patients had signs of left ventricular hypertrophy (LVH) and 36% had left ventricular dilation [3] . Cardiac remodeling in CKD patients has been linked to two main mechanisms: increased afterload and increased preload [12] . The increased afterload in CKD and ESRD is seen due to increased systemic arterial resistance, elevated arterial blood pressure and reduced large vessel compliance that will lead to myocardial thickening and concentric hypertrophy [12] . The Increased preload is caused by expansion of intravascular volume resulting in myocardial stretching. The development of anemia and the presence of atrioventricular fistulas might also promote cardiac remodeling in CKD patients. [12] .
A study done on rat models, showed that those with CKD had longer action potential duration with more vulnerability to early after depolarization triggered activity, and ventricular arrhythmias [16] .
A study discussing the non-traditional risk factors of uremia on the development of coronary artery disease in CKD patient was performed. Several uremia-related risk factors were found to play a role in the development of atherosclerosis in CKD patients. Carbamylated LDL (cLDL), a modified form of LDL, and metabolite of urea, has been found to induce endothelial cell injury and increase the expression of cell adhesion molecules and increase oxidative stress. P-cresylsulfate is another uremic factor that has been linked to endothelial dysfunction and major adverse cardiac events among patients with coronary artery disease. These factors play an important role in the development and the progression of coronary artery disease in CKD patients [17] .
Coronary artery calcification (CAC) is an important predictor of cardiac events in both the general population and CKD patients. Higher level of CAC is found in ESRD patients, It can be explained by abnormal calcium and phosphorus metabolism [17] .
Abnormal homocysteine metabolism and elevated homocysteine levels were consistently found in CKD patients on dialysis. High homocysteine levels can lead to oxidative stress and vascular endothelial injury, along with development of atherosclerosis [17] .
Fibroblast growth factor-23 (FGF-23) is a hormone that promotes urinary phosphate excretion and regulated vitamin D metabolism. A low eGFR can potentially rise FGF-23. A study showed that high levels of circulating FGF-23 were associated with an increased risk of developing atrial fibrillation (AF) [18] . Endovascular wall thickening of the intramyocardial arteries in CKD patients can lead to reduction in the compensatory vasodilation capacity and subsequently restricting the ability of the heart to cope with the increased oxygen demand [19] .
Cardiac fibrosis has an electrical sequelae that can be explained when fibrous tissue with high electrical resistance been interposed between cardio myocytes. This will cause a local delay in the spread of the action potential and lead to the development of reentry types of arrhythmia which is commonly seen in patient with CKD [20] .
Non-renal patients who have survived sustained ventricular tachycardia were found to have high level of norepinephrine secreted from the sympathetic nerve endings. Patients with renal failure have elevated background sympathetic activity. This might explain their higher incidence of arrhythmias. [21] .
Diagnostic Tools

Electrocardiogram (EKG)
Electrocardiogram (EKG) is considered one of the most affordable diagnostic screening tools that is primarily used to detect any kind of underlying cardiac abnormalities [5] . One or more EKG abnormalities have been noted in 50 to 86% of CKD patients in various studies [22] .
The P wave parameters measured by 12-lead electrocardiogram (ECG) can be used as a noninvasive method to evaluate for left atrial enlargement. Increasing P wave dispersion and maximum P wave duration were independently associated with rapid decline of kidney function and progression to end stage renal disease on dialysis. Ultimately, measuring P wave parameters can be used as a screening tool help to identify patients at high risk for worse renal outcomes [23] .
Another important electrical conduction abnormalities seen patients with CKD is Heart Rate Variability (HRV). HRV represents the variation of beat-to-beat intervals, and provides a noninvasive measurement for evaluating the autonomic nervous system (ANS). Reduced HRV in CKD patients represents an abnormal response of the autonomic nervous system, and is a significant risk factor for poor prognosis that include cardiac death, and development of coronary artery disease [24] . In a study conducted by Thomson BJ et al, a decrease in HRV was seen in nearly 75% of patients with CKD, emphasizing the importance for clinicians to be mindful of these markers [25] .
Echocardiography
Echocardiography can be used to visualize changes in the heart. Echocardiographic changes in CKD patients include left atrial enlargement and left ventricular hypertrophy, both of these changes signal poor prognostic outcomes [26] .
Cardiac MRI
Cardiac Magnetic Resonance Imaging (cMRI) is generally used as a noninvasive imaging modality to evaluate cardiac geometry and function. However, there are several limitations of cMRI in daily practice, such as high cost, nonportability, and little prognostic evidence of several cardiovascular diseases [26] .
Types of Arrhythmias in CKD
Supraventricular Tachycardia (SVT)
Supraventricular tachycardia is common in patients with CKD [2] . Atrial Fibrillation is seen in 9-21% of CKD patients, with the number increasing to 13-27% of patients on long term hemodialysis [3] . Other types of SVT are found to be less common in dialysis patients [3] . Studies have suggests that two important factors which cause supraventricular tachycardia are age, and left atrial size [27, 28] .
SVT is seen frequently immediately after dialysis, due dialysis associated ischemia and abnormal electrolyte levels [3] . Atrial Fibrillation seen in dialysis carries an extremely high mortality with a 5 year mortality rate of nearly 80% [3] . Chronic kidney disease and AF carry a number of shared risk factors and conditions that promote their incidence, possibly via systemic processes such as inflammation, oxidative stress, or fibrosis. Some evidence suggests that atrial fibrillation can also increases chronic kidney disease progression [2] . The occurrence of supraventricular tachycardia has been shown to carry high mortality however some study have shown that it is more indicative of underlying cardiovascular disease [3] . The treatment of supraventricular tachycardia in patients with CKD and End Stage Renal Disease (ESRD) is a challenge faced by clinicians. Dialysis patients pose certain challenges utilizing antiarrhythmic medications since CKD will affect the transport and the distribution of the medications as well as its metabolism. Due to altered pharmacokinetics, the efficacy and toxicities of medications should always been considered in patients. Other treatments such as Catheter ablation can be complicated due to difficult vascular access in CKD patients [3] .
Ventricular Tachyarrhythmia and Sudden Cardiac Death
The event rate of sudden cardiac death (SCD) is more common in CKD patients when compared to the general population, with 10-fold increase once dialysis start. Studies showed that SCD is more common in hemodialysis patients in comparison to peritoneal dialysis during the first 6 months of starting dialysis [4] . The higher incidence of SCD among dialysis patients can be explained by the repolarization instability from the electrolytes abnormalities, poor homeostatic adjustment, sudden fluid removal, or by the ischemic effect of dialysis [3] . Bradycardia and asystole rather than ventricular tachycardia may be key causes of sudden death in hemodialysis patients. The rate of arrhythmias is higher during the first dialysis session and during the last 12 hours of each inter-dialytic interval [29] .
Hemodialysis has been implicated as being a trigger for arrhythmias. In a large US cohort there was an increase in arrhythmia risk following the long inter-dialytic interval. Another retrospective study of 80 sudden death demonstrated a 1.7 fold increase in risk in the 12 hours prior to the end of the long inter-dialytic interval [30] . These data suggest that applying the same dialysis parameters without daily electrolytes tests may trigger fatal arrhythmias and can be a modifiable cause of sudden death [29] . Changing the dialysis session to be more extended or more frequent and increasing the use of resins might have a protective effect by reducing inter dialytic accumulation of fluid, electrolytes, and uremic toxins. An attempt to modify the dialysis prescription in response to more assessment of volume status and electrolytes may provide beneficial effect [29, 31] .
The Rule of Subcutaneous Defibrillators in Preventing Sudden Death in Dialysis Patients
Different complications might happen with the traditional implantable cardioverter defibrillator (ICD). Preservation of the peripheral and the central veins in chronic kidney disease is important for successful hemodialysis. Central venous stenosis is frequently observed with transvenous leads and represents a serious condition as the central veins are important for blood return to the right atrium during dialysis. With the subcutaneous ICD, there is no transvenous leads and therefore no related damage to the central veins [32] . Endocardial cardiac rhythm device leads may lead to tricuspid regurgitation (TR) resulting in an increase pressure on the right side of the heart. This would add to the state of chronic volume load in hemodialysis patients leading to signs and symptoms of right sided heart failure [32] . The intravascular location of the leads serve a nidus for bacterial colonization [33] . Instead of utilizing the central veins, subcutaneous ICD does not have any leads, in this way all leads associated complications will be avoided [32] . Its utility is however limited to patients who do not require back up pacing.
Conclusion
Cardiac arrhythmias are common in CKD patients, with progressive increase in the incidence of sudden cardiac death with the loss of kidney function. Cardiovascular diseases is the leading cause of death in CKD patients and as such, its prevention and management is of utmost importance. The use of antiarrhythmic drugs require close monitoring for various risk factors. Non-invasive diagnostic tests including EKG, echocardiogram and cardiac MRI are suggested as the first step in investigating for underlying heart disease. The several benefits associated with use of subcutaneous defibrillators include the potential of it being highly valuable in this population. Given the high burden of cardiovascular diseases in CKD patients, further studies are required to improve the clinical outcome and the quality of life of CKD patients.
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